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Abstract  Since  their  discovery  over  a  century  ago,  RR  Lyrae  stars  have 
proven to be valuable objects for the entire field of astrophysics. They are used 
as standard candles and witnesses of galactic evolution. Though the pulsations 
that  cause  their  light  variations  are  dominated  by  relatively  “simple”  radial 
modes,  some  aspects  of  RR  Lyrae  pulsation  remain  enigmatic.  Besides  the 




Kepler),  several  findings  have  helped  us  better  understand  the  structure  and 
pulsations  of  RR  Lyrae  stars.  Nevertheless,  ground-based  observations  and 
long-term monitoring  of  RR Lyrae  stars,  as  done  by  the AAVSO members, 
remain of utmost importance.




numbers, with  short  periods  of  under  a  day  and photographic  amplitudes  of 




of stars  (period,  location, population  type, kinematical properties), RR Lyrae 
itself, the brightest field star of this type discovered by Williamina Fleming in 
1899, became the eponym of the class.




2. What are they and why do we care about them?
  RR Lyrae stars are pulsating low-mass stars that have evolved away from 
the main sequence and are burning Helium in their core. In the Hertzsprung-
Russell  diagram  (HRD)  they  are  located  on  the  horizontal  branch  and  its 




gas decreases  as  its  temperature  increases. However,  there  are  some  regions 
where this tendency gets weak, or even reversed. For example, in the hydrogen 




compression,  ionized material  increases  the  opacity  and  the  layer  is  pushed 
upwards by  radiation pressure. When  the  layer moves up and  reaches  lower 
temperatures,  recombination  happens,  the  opacity  decreases,  the  layer  falls 





  RR Lyrae stars have typical periods of ~0.2  to ~1 day, amplitudes  in  the 
optical of 0.3 up to 2 magnitudes, and spectral types of A2 to F6. Most of them 

















can  be  used  as  witnesses  of  chemical  and  dynamical  galactic  evolution. 
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They  also  serve  as  test  objects  for  low-mass  stellar  evolution  and  radial 
pulsation theory.





3. So we know what they are all about?
  Despite  their  numerous  applications  in  various  fields  of  astrophysics, 
several aspects of RR Lyrae pulsation remain not fully understood.
  One  not  completely  resolved  issue  concerns  the  Oosterhoff  dichotomy 









  The most  popular  theoretical  explanation  for  this  phenomenon  relies  on 
a  so-called  “hysteresis mechanism”  (van Albada  and  Baker  1973).  There  is 
an  “either-or”  region  in  the  middle  of  the  RR  Lyrae  instability  strip  where 




















for Galactic RRab stars and a  few percent  for RRc stars  (Szeidl 1988), and 
somewhat  lower  in  the LMC: 12% RRab and 4% RRc (Alcock et al. 2000, 
2003). The most  recent  surveys,  however,  both  from  the ground  (Jurcsik et 
al.  2009b)  and  from space  (Szabó et al. 2009; Benkő et al.  2010),  seem  to 
indicate that close to 50% of the fundamental mode RR Lyrae pulsators show 
the Blazhko effect (Figure 3).
  In  the  frequency  spectra  of  Blazhko  stars  we  will  see  multiplets  with 
equidistant spacing (equal to the Blazhko frequency) around the main frequency 
and  its harmonics  (some  schematic  examples  are  shown  in Figure 4). These 
reflect  the  amplitude  and  phase  modulation  happening  in  the  star  (see  also 
Benkő et al. 2011).
  After  several  decades  of  dedicated  studies  of  Blazhko  stars,  a  variety 
of behavior is observed in these stars: changing Blazhko cycles, additional 
longer  cycles,  multiple  modulation  periods,  complex  multiplet  structures 




  Early  studies  of  RR  Lyrae  variables,  including  Blazhko  variables, 





  For  a  real  in-depth  study  of  RR  Lyrae  stars,  however,  multicolor  and 
spectroscopic data are the way forward.
  Approaches  to derive atmospheric parameters of RR Lyrae stars  through 
multicolor photometry and/or  spectroscopy,  such as applied by De Boer and 
Maintz  (2010),  Sódor et  al.  (2009), Kolenberg et  al.  (2010a),  and For et al. 
(2011),  allow  us  to  connect  the  complex  atmospheric  variations  with  the 
pulsation patterns, and even their modulations.





cycle. As  a  consequence,  the  instantaneous  period  varies  over  the  Blazhko 
cycle.  This  modulation  of  the  stellar  parameters  throughout  the  modulation 
is  a  very  important  result  for  the  further  development  of  Blazhko  models.
  RR Lyrae stars have rather tumultuous atmospheres due to high pulsation 
velocities  in  the  outer  layers  of  the  star.  This  gives  rise  to  shock  waves  in 
particular pulsation phases, reflected in spectral line broadening and doubling 
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would  be  very  interesting  to  study  as  a  function  of  the  Blazhko  phase. 
These methods, and  their extensions,  in combination with high-precision 
and/or long-term photometric data, allow us to perform (literally) in-depth 






  Until  recently,  the  nonradial  resonance  model  (Van  Hoolst  et  al.  1998; 
Dziembowski  and Mizerski  2004,  and  references  therein)  and  the magnetic 
model (Shibahashi and Takata 1995; Shibahashi 2000, and references therein) 

















in  the  Blazhko  cycles. Also,  the  variations  of  the mean  parameters  of  the 
star, as mentioned above, are a consequence of the modulation of turbulent 








4. Progress: expected and serendipitous
  Several space telescopes have asteroseismology (or the study of pulsating 
stars)  as  an  important  part  (or  prime  by-product)  of  their mission  and  have 
performed high-precision observations of RR Lyrae stars: the Canadian suitcase-
sized MOST  telescope  (Gruberbauer et al.  2007),  the French-led ESA space 
mission CoRoT (Chadid et al. 2010), and NASA’s Kepler mission (Kolenberg 



































et al.  2010; Kolláth et al.  2011),  and  recently  a new model  for  the Blazhko 
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effect  was  proposed  by  Buchler  and  Kolláth  (2011).  Using  the  amplitude 
equation  formalism  to  study  the  nonlinear,  resonant  interaction  between  the 
two modes,  they  showed  that  the  (9:2)  radial  resonance  can  not  only  cause 





5. Pro-Am observations and RR Lyrae stars




GEOS  (Groupe Européen  d’Observations Stellaires)  is  a European  group  of 
variable  star  observers with nearly  eighty  active members  (of which  ten  are 
professionals).  The  GEOS  RR  Lyrae  database  (http://dbrr.ast.obs-mip.fr/) 



























in  contributing  to  the  data  that  allow  these  discoveries.  For  these  endeavors 
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Figure 1. Stellar pulsations 
across the Hertzsprung-Russell 
diagram. Dashed line: zero-age 
main sequence; continuous lines: 
selected evolutionary tracks; triple-
dot-dashed line: horizontal branch; 
dotted line: white dwarf cooling 
curve. The RR Lyrae stars are 
located on the horizontal branch in 
the instability strip. The hatching 
in the zones of pulsating stars 
represents the type of mode and 
the excitation mechanism: up-left 
for opacity-driven acoustic modes, 
up-right for opacity-driven internal 
gravity modes, and horizontal 
for stochastically excited modes. 
(From Christensen-Dalsgaard et al. 
2004)
Figure 2. RR Lyrae Bailey 
subtypes. F: radial fundamental 
mode; 1H: radial first overtone.
Figure 3. Kepler 
observations of a non-
mdulated RR Lyrae star 
(top pair) and a Blazhko 
star (bottom pair). Left: 
30-minute cadence data; 
right: folded light curve.
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Figure 4. Typical frequency 
spectra for a Blazhko-modulated 
RR Lyrae star, showing multiplets. 
They can get even more complex 
than the schematic representations 
given here.
Figure 5. Period doubling manifesting in alternatingly higher and lower maxima, 
as seen in a star with Blazhko modulation (RR Lyr itself, top right panel). Period 
doubling is not seen in non-modulated stars (top left panel).
Figure 6. Models for the Blazhko effect: the present hierarchy.
